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The first anaesthetic ventilators
The long Swedish coastline, with its extensive archipelagos, was a dark and treacherous place in the late 19th century. Gas-powered lighthouses and buoys provided dim illumination and required regular maintenance in inaccessible places. Acetylene offered a potential solution as it produced a strong white light, but it was highly explosive under pressure 1, 2 . It was Gustaf Dalén, chief engineer and workshop manager at Aktiebolagel Gasaccumulator (AGA), who produced AGA compound, a porous substance that allowed acetylene to be dissolved in acetone and remain stable, despite movement and temperature fluctuations. He then devised a flashing apparatus, or pulsating valve, that allowed each litre of gas to be divided up into 10,000 small flashes of light at precise intervals. These inventions won him a Nobel Prize for Physics, provided light signals for lighthouses, light buoys and railway stations -and the mechanism to control the first anaesthetic ventilator.
Cumbersome differential pressure operating chambers for thoracic surgery, such as that devised by Sauerbruch in 1904, did not become popular 3 . A former assistant of Sauerbruch's, Knut Harald Giertz, chief of surgery at Mörby Hospital in Stockholm, believed that positive pressure ventilation provided a better solution 4, 5 . Encouraged by Giertz, Paul Frenckner, an ear, nose and throat surgeon, developed a range of endotracheal and endobronchial tubes for thoracic surgery, providing positive pressure ventilation with a rudimentary air-driven ventilator he devised and named the Spiropulsator 6 . His original design was hampered by the patient's own respiratory efforts, but further work with the cardiac surgeon Clarence Crafoord, and an engineer from AGA, Emil Anderson led to an improved machine, one that combined anaesthetic apparatus with an automatic ventilator. The machine was set to cycle at the patient's respiratory rate but would become completely automatic as respiration was depressed by deepening anaesthesia. It was manufactured and marketed by AGA as the Spiropulsator in 1934 7 , and although it was promoted beyond the Swedish borders, it never became popular elsewhere. But it was the beginning of a concept -automatic ventilation of the lungs during anaesthesia.
Ernst Trier Mørch worked with Crafoord and his anaesthetist, Torsten Gordh, in Stockholm, learning how to use the Spiropulsator for thoracic surgery. Returning to his native Denmark in 1940, he began adapting the McKesson Nargraf machine along similar lines, the Spiropulsator being unavailable due to wartime restrictions and being "unnecessarily complicated" 4 . Mørch devised an electrically driven piston-pump which was inserted into the closed circuit in place of the breathing bag. In the United States, Frederick Mautz, a cardiac surgeon, modified a Heidbrink anaesthetic machine to provide rhythmic compression of the rebreathing bag: this device was successfully used for resuscitation of patients and for cardiothoracic surgery 8 .
These reasonably complex and bulky pieces of equipment failed to attract any interest from those involved in routine anaesthesia. But the introduction of muscle relaxants in 1942 9 and the subsequent alteration in anaesthetic technique proposed by Cecil Gray 10 changed the landscape. Early in 1950, Norman James stated: "The increasing use in anaesthesia of relaxing agents such as "Tubarine" or "Flaxedil" in conjunction with controlled respiration for major surgery tends to focus attention on the possible elimination of manual control with all its disadvantages" 11 .
Norman James was the Director of Anaesthesia at the Royal Melbourne Hospital in Melbourne, having returned from the UK in 1948 and accepted this inaugural appointment later that year. His stay in the UK had been prolonged; he left Australia in 1929, obtained his medical qualification in Edinburgh and, following his graduation, took anaesthetic appointments in Stoke-on-Trent and Wolverhampton. Eventually he became an assistant anaesthetist at the Nuffield Department of Anaesthetics in Oxford, where he worked with Robert Macintosh and became interested in the development of anaesthetic apparatus. Shortly after the commencement of World War II he was appointed as a specialist anaesthetist at the West Middlesex Hospital in 1940. There, as part of the London Emergency Service, he became convinced that regional anaesthesia was safer for war wounds; his expertise in this field became well known and he wrote a small textbook on the subject 12 .
The Harrington James ventilator was the first Australian anaesthetic ventilator, a simple but practical piece of equipment developed by Norman James, with the assistance of Mr R.H.M Harrington of the Pacific Electric Company Pty Ltd, and a grant from the National Health and Medical Research Council. The apparatus consisted of a sparkless induction motor driving rubber bellows via a gearing mechanism. The pressure was controlled by use of a water manometer, usually kept between 100 to 130 mm of water, which doubled as a safety valve and would "... quickly detect such abuses as the surgeon's assistant using the patient's chest as an arm rest" 11 . The rate of breathing was fixed at 20 per minute but the tidal volume could be changed by a small handwheel.
In 1964, Norman James left the Royal Melbourne Hospital and moved to the United States, becoming Associate Professor of Anesthesiology in Dallas, Texas. By this time, the advantages of automatic ventilators in anaesthesia had been widely recognised and James believed that many of the new anaesthetic ventilators were unnecessarily complex for routine surgical operations. The ventilator that he introduced to Parkland Hospital in Dallas was named the Autohand, designed literally as "a pair of mechanical hands, which rhythmically squeeze the breathing bag and thus relieve the anaesthetist's hand during controlled respiration" 13 . It consisted of an ignition-proof, electrically driven, motor gearbox. The distance of the passive (fixed) "hand" from the moving "hand" could be altered to change the tidal volume, and the machine was portable weighing only 8 kg. "When it is desired that the machine should take over, the breathing bag is simply dropped between the mechanical hands; this frees the anaesthetist to set up and control intravenous infusions, record blood pressure and operate other monitoring devices". The Autohand ventilator had no switches as he believed that "a properly designed ventilator should have no controls, not even an off-on switch" 13 ; the only other safety feature proposed was "a blowoff disc weighing 65 grammes, in place of the spring loaded disc in the Commonwealth Industrial Gases exhale valve, has certain advantages, but is not essential" 13 .
Norman James focused on teaching and research during his years at Parkland Hospital and did no clinical work; nevertheless his Autohand ventilator became very popular there and in Australia. Eventually, when routine blood gas analysis became available, it declined in popularity due to the marked alkalosis it was found to produce 14 .
Norman James spread his career and influence over three countries and made many significant contributions to the specialty. He was a passionate advocate for proper training and qualification of anaesthetists and, as his successor at the Royal Melbourne Hospital, Dr Patricia Mackay remarked, "Norman James was an enthusiastic and flamboyant teacher whose message was seldom forgotten" 14 .
